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The SELEX experiment (E781) is 3-stage magnetic spectrometer for the study of charm hadropro-
duction at large xF using 600 Gev ��, �� and p beams. New precise measurements of the �c, D0,
and Ds lifetimes are presented. We also report results on �c and Ds production by ��, �� and
p beams at xF > 0:2. The data agree with expectations from color-drag models to explain charm
particle/antiparticle production asymmetries.

1 Introduction

Charm physics explores QCD phenomenol-

ogy in both perturbative and nonperturba-

tive regimes. Charm lifetime measurements

test models based on 1=MQ QCD expansions

and evaluate corrections from non-spectator

W-annihilation and Pauli interference to per-

turbative QCD matrix elements. Production

studies test leading order (LO) and next to

leading order (NLO) perturbative QCD. The

parton-level processes are symmetric between

c and c, but �xed-target data on hadrons

show signi�cant asymmetries. Experimen-

tal data from di�erent incident hadrons (�, p

and ��) may help to illuminate hadron-scale

physics. 1

2 Features of the Selex

spectrometer

The SELEX experiment at Fermilab is a 3-

stage magnetic spectrometer 2. The nega-

tive Fermilab Hyperon Beam at 600 GeV had

about equal uxes of �� and ��. The posi-

tive beam was 92% protons. For charm mo-

menta in a range of 100-500 Gev/c mass res-

olution is constant and primary (secondary)

vertex resolution is typically 270 (560) �m.

A RICH detector labelled all particles above

25 GeV/c, greatly reducing background in

charm analyses. 3 Our charm analysis re-

quires: (i) primary/secondary vertex separa-

tion L � 8� (� is the combined error); (ii) the

decay tracks extrapolated to the primary ver-

tex z position to miss such that the second-

�deceased
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largest transverse miss distance � 20�m; (iii)

the secondary vertex to lie outside any charm

target by at least 0.5 mm; (iv) decays to occur

within a given �ducial region; and (v) proton

and kaon tracks to be identi�ed by the RICH.

3 Measurements of the �c, D
0 and

Ds lifetimes

The lifetime hierarchy for the charm system

presents a challenge to HQET and pQCD

methodologies due to the low charm quark

mass. We report here lifetimes for the fol-

lowing charm hadrons in the decay modes

listed: (i) �+
c ! pK��+; (ii) D0 ! K��+

and K��+���+ + c.c.; and (iii) Ds !

K�(892)K and ��.

SELEX charm signals are extracted by

the sideband subtraction method with a �xed

signal region (�2:5�M , i.e., 20 MeV/c2) cen-

tered on the charm mass. Sidebands of equal

width are de�ned above and below the charm

mass region. The background under the

charm peak is the average of the two side-

band regions.

�=K misidenti�cation causes mixing of

charm signals. In SELEX this is signi�cant

only for the Ds peak. For both Ds modes

kaon momenta are �160 Gev/c to reduce

misidenti�cation. Any KK� event having a

pseudo-D� mass in the interval 1867 � 20

Mev/c2 is removed to eliminate an arti�cial

lengthening of the Ds lifetime, even though

some of these are real Ds events.

We make a binned maximum likeli-

hood �t simultaneously to signal and side-
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Table 1. PRELIMINARY SELEX lifetimes (fs)

Charm Particle � �stat �syst
�+
c 198.1 7.0 5.5

D0 407.0 6.0 4.3

Ds 475.6 17.5 4.4

band regions in reduced proper time t� =

M(L� 8�)=pc. SELEX results are given in

Table 1. The Ds/D
0 lifetime ratio R, sensi-

tive to the W-annihilation amplitude in the

weak decay, is 1.17 � 0.057, consistent with

other recent published results.

4 Charm and Anticharm

Hadroproduction

For �� and proton beams (valence q, not q)

�c
+ production is favored over �c

�
at all xF ,

and the di�erence increases dramatically at

large xF . The e�ciency di�erence for charm

and anticharm hadrons in SELEX is small,

at most 3%. �� production (valence q and

q) shows a small asymmetry that becomes

consistent with zero at large xF . The data

are shown in Fig. 1. For Ds the �� beam

produces far more D�
s (s-quark) than D+

s (s

quark), with the di�erence increasing at large

xF . For pions, the yield is smaller and the

integral yield di�erence between D�
s and D+

s

for xF � 0.2 is consistent with zero. These

asymmetry patterns suggest a connection be-

tween a charm or anticharm quark and rem-

nants of the beam fragmentation jet, like in

the quark-gluon string model. There is no ev-

idence in the large-xF events for a di�ractive

partner to the leading charm hadron, again

consistent with a color-drag picture.

The pT distributions for �+
c production

from the three di�erent beam hadrons have

identical gaussian distributions out to p2T � 2

(GeV=c)
2
, after which the good-statistics ��

data show a change to power-law behavior, as

is expected from QCD and has been observed

in D-meson production by ��.

Figure 1. xF dependence of �+c and �c
�
production

by di�erent beams

5 Summary

SELEX has explored charm hadroproduc-

tion in the large xF region using di�erent

beams. Results favor the color-drag explana-

tion of production asymmetry. We used the

data to measure preliminary charm lifetimes:

�(�c) = 198:1� 7:0� 5:5 fs, �(D0) = 407:0�

6:0� 4:3 fs, and �(Ds) of 475:6� 17:5� 4:4

fs. The SELEX result for the ratio �Ds
=�D0

is 1.17 � 0.057, 3.3� from unity.
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